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Abstract. 1. Exyra ridingsii is a host specific moth that spends its entire
immature life cycle in the fire dependent Sarracenia flava pitcher plant.
Sarracenia flava requires acidic, moist soil that undergoes frequent burns.
2. Habitat selection and the effects of fire as well as other habitat
characteristics were examined for E. ridingsii during this study.
3. For this study, five sites in the Croatan National Forest were surveyed four
times each year for two years. Only one site had no disturbances since 2009;
the remaining four sites were evenly split with two having had burns occur in
them and two having burns occur nearby in 2012. At each site seven to twenty
quadrats were selected randomly for sampling.
4. In each quadrat, trumpets were counted and measured for height. Also
recorded was whether the trumpets were healthy or affected by herbivory, and
the fraction affected was calculated (herbivory per clump).
5. Highest median herbivory per clump values were found at the burned
sites. Millis 2 had 100% herbivory for the late summer 2013 sampling date, and
Millis 1 had a herbivory per clump value of 0.86; 86% of clumps at this site
exhibited herbivory. All other values were above 50% with the exception of
Catfish Lake Road which was 0.32. Herbivory per clump was not found to be
statistically correlated to site and therefore burn status.
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6. Burn status, soil saturation, and woody understory growth all seem to play
a role in the habitat selection of E. ridingsii but there is much research still to be
done.

keywords: Sarracenia flava, Exyra ridingsii, herbivory, yellow pitcher plant,
Riding’s pitcherplant looper moth, habitat selection
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Introduction
The yellow pitcher plant, Sarracenia flava (Linnaeus), is a carnivorous plant that
is found in bogs and savannas mainly throughout coastal Alabama, Georgia, and North
and South Carolina (Evans, 2005) with isolated populations being found further north
(Figure 1). The habitats occupied by the pitcher plant have frequent, low intensity fires.
Fires benefit plants because they reduce competition and release nutrients that are
bound up in the soil (Walkup, 1991; Barker & Williamson, 1988; Brewer 1999). Part of
the reason S. flava is so successful after a fire is because it has rhizomes that can
survive burns and sprout new pitchers (Brewer, 1999).
Sarracenia flava is a species specific host to the moth Exyra ridingsii (Riley)
(Figure 2) (Folkerts & Folkerts, 1996). The larva is commonly referred to as Riding’s
Pitcherplant Looper (Wagner, et al., 2011). The entire life cycle of E. ridingsii occurs in
S. flava, and it can result in significant levels of herbivory on the plant, but rarely results
in the death of the plant (Atwater, et al., 2006). Because S. flava is the only plant that
this moth is known to use as a food source, factors that affect populations of one may
affect populations levels of the other.
In the longleaf pine forests of the North Carolina coastal plain, historically fires
occurred every one to five years and were caused by lightning strikes (Platt, et al.,
1999). The current management plan is to recreate that fire regime with controlled
burns every three years throughout forests controlled by the US Forest Service (USDA
National Forest Service, 2002). In the absence of fire, carnivorous plants become less
healthy because of increased competition from other plant species (Brewer, 1999;
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Brewer, 2005). After a fire, the clumps of pitcher plant trumpets that grow will have
more pitchers (Barker & Williamson, 1988) and increased pitcher volume (Brewer,
2005). In their study on S. alata, Barker and Williamson (1988) found that production in
number of leaves in burned plots was three times that of the production in the unburned
plots. Higher leaf availability in the recently burned areas results in more pitchers
available for moth oviposition.
Exyra ridingsii lays its eggs on the inside of the pitcher according to Folkerts and
Folkerts (1996). They also observed that eggs are laid individually with one to many
eggs being laid on the inside walls of the S. flava pitcher. After hatching, the larvae
close the pitcher and only consume the inner layer of tissue (Folkerts & Folkerts, 1996;
Atwater et al., 2006; Moon, et al., 2008). Larvae create a chamber by closing the top of
the pitcher, either by depositing a layer of silk over the top or by girdling the tissue near
the opening. There are five larval stages, with the ability to overwinter as either a 2nd,
3rd, or 4th instar larva (Jones, 1921; Folkerts & Folkerts, 1996). As larval feeding
progresses, frass (larval faeces) collects on the floor of the pitcher (Folkerts & Folkerts
1996). The larva also drill holes in the bottom of the petiole so that the pitcher drains
(Jones, 1921; Folkerts & Folkerts, 1996).
According to Folkerts and Folkerts (1996), once the larva pupates it is found
either suspended inside the pitcher or lying on the frass at the bottom of the pitcher.
When the adult emerges it can walk onto the walls of the pitcher, and females have
been observed to remain in or near their home pitcher. Males will be seen flying at dusk
likely searching for females. Mating also occurs inside of pitchers.
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The plant vigor hypothesis states that younger more vigorous plants will be
attacked more often by herbivores than older mature plants, and then once attacked the
pitchers will grow more vigorously (Price, 1991). Since pitcher plants robustly regrow
after a fire, it might therefore be expected that they would have higher levels of
herbivory compared to plants not affected by fire. Further, the plants once attacked
might be observed to grow more vigorously. Moon et al. (2008) found that bigger
Sarracenia minor plants showed increased herbivory by Exyra semicrocea. Atwater et
al. (2006) showed the same effect in Sarracenia purpurea (purple pitcher plant) and
also found that S. purpurea that had been fed upon by Exyra fax were larger than plants
not fed upon. Although they did not specifically measure if herbivory affected trumpet
height they did find evidence that herbivory did not change the height of the trumpet.
So alternatively, it is possible that these moths prefer larger pitchers because they
supply more nutrients and more space for oviposition. It is also possible that larger
pitchers are simply more visible to a flying moth.
Historically fires are a regular occurrence in the habitat of E. ridingsii. Because
of this disturbance and the fact that they are specialists, this moth might be highly
impacted by fire (Tscharntke & Brandl, 2004). Since they have successfully evolved to
deal with this disturbance, this species must have a strategy to deal with habitat loss
every few years. However, there has been no research on this topic. Stephen Hall, an
invertebrate zoologist with North Carolina’s Natural Heritage program (personal
communication, October 3, 2011), suggested that E. fax, a closely related species, may
rely on a metapopulation strategy to repopulate burned areas. According to Harrison et

3

al. (1988), a metapopulation is a set of populations that is independent from each other
for changes in population size, but they are linked evolutionarily due to local extinctions
and repopulations from each other. Metapopulation dynamics would allow for the
extinction of a local population with recolonization from another population in the area
(Harrison et al., 1988; Hanski et al., 1994; Hanski et al., 1995). Due to the lack of
research it is unknown whether Exyra moths rely on this strategy.
In order for a metapopulation strategy to function, some individuals of the species
would have to move from one habitat to a new habitat after a random extinction or burn
has occurred. In order for a Lepidoptera population to establish itself in an unoccupied
area, the area in question must have suitable habitat and be near to an established
population of Lepidoptera to enable dispersal for colonization (Murphy et al., 1990;
Folkerts & Folkerts, 1996). Similarly to Exyra, the males of the species, Neonympha
mitchellii are more likely to move than the females (Keufler, et al., 2008), but in order for
a successful repopulation to occur after an extinction, the gravid females would also
have to relocate. Indeed in their study of the moth, Melitaea cinxia, Hanski et al. (1994)
found that females and males were equally likely to emigrate to a new patch of habitat.
Atwater et al. (2006) suggested even if adults exhibit low mobility this would not prevent
them from emigrating, which supports the metapopulation hypothesis.
Habitat corridors are one method conservation biologists have used to promote
the movement of individuals between populations and habitat patches (Wells et al.,
2009). Corridors can help prevent extirpations in species that have limited habitats
(Haddad, 1999). In contrast, when conducting his study on the butterflies Junonia
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coenia and Euptoieta claudia, Haddad (1999) found that where corridors were present
the individuals were more likely to move between habitat patches. In the case of J.
coenia, the presence of their host plant in the new patch was also positively correlated
to their movement (Haddad, 1999). E. claudia is not host specific so there was no
correlation between plant species presence and movement between patches. Since E.
ridingsii and J. coenia are both specialists one might expect that the movement of E.
ridingsii would also be correlated with the presence of their host plant.
It is necessary for corridors to be of suitable habitat as well. Corridors not only
allow for movement between patches, they can also serve as an alternate habitat. In
his study of J. coenia, 13% of the butterflies recaptured were still in the corridor after
five days (Haddad, 2000).

Purpose and a priori hypotheses
The purpose of this study was to identify the habitat preferences of E. ridingsii,
and specifically to examine how changes in and among the pitcher plant bogs of the
Croatan National Forest affected the host plant Sarracenia flava and concomitantly the
local populations of its moth.
I hypothesized that E. ridingsii uses a metapopulation strategy. Since fire
temporarily disrupts the habitat of this moth but provides long term habitat maintenance,
it was expected that fires would have extirpated the local populations of the moth until
pitchers of S. flava regrew. It was expected that E. ridingsii would have emigrated from
nearby populations to repopulate the burned areas. When an area containing the
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yellow pitcher plant was burned, it would follow that since E. ridingsii is species specific
it would not find food plants within that site, and therefore would undergo a local
extirpation in the burned areas until the pitchers regrew to provide new habitat. At the
burned sites S. flava would grow quickly and would soon supply more nutrients and
places for oviposition than the unburned sites. Therefore, the E. ridingsii populations at
Millis 1 and Millis 2, which were burned in April 2012 should show higher numbers of
moths later in the growing season when compared to the unburned sites, Millis 3, White
Oak Road, and Catfish Lake Road.
Over the course of this study it was expected that both the E. ridingsii and S.
flava populations would be positively impacted by the burns recently conducted by the
US Forest Service. The burns will result in better habitat for the moths and therefore
the number and height of pitchers of S. flava were predicted to increase in the burned
plots when compared to the unburned areas. Over time the number of E. ridingsii in the
unburned plots that are closest to the burned areas were expected to decrease (Millis
2), while the number of E. ridingsii in the burned plots would increase with immigration
into those plots from the unburned plots. An increase in the number of moths in the
burned plots was predicted as a result of an expected increase in the number of
pitchers and height of S. flava pitchers in the burned plots. Alternatively, it is possible
that an increase in numbers of both organisms could be attributed to normal population
growth.
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Study Site
The Croatan National Forest is a relatively small forest, composing approximately
65,182 hectares in portions of Jones, Craven and Carteret counties in the coastal plain
of southeastern North Carolina (USDA National Forest Service, 2002). The Croatan
National Forest has three major ecosystems that are of importance: the pocosins,
longleaf pine forests and hardwood wetlands (USDA National Forest Service, 2002).

Methods and Materials
Five 50m x 50m sites were studied in Croatan National Forest from May 2012 to
October 2013 (Figure 3). Study sites included the Millis Road compartment, the
intersection of South Little Road and Catfish Lake Road (referred to as Catfish Lake
Road), and White Oak Road. The Millis Road compartment was burned starting on
March 12, 2012 and continued to burn through April 9, 2012. This site is classified as a
longleaf pine forest, or savanna (USDA National, Forest Service, 2002). Three sites
were selected from this compartment, two burned and one unburned. The burned plots
were selected due to the completeness of the burn (Figure 23). The burned plots are
referred to as Millis 1 (closest to the unburned plot) and Millis 2. The unburned plot at
the Millis Road compartment is called Millis 3. The sites at Catfish Lake Road and
White Oak Road are also unburned sites. White Oak Road is also a longleaf pine
savanna, with the Catfish Lake Road site being a pocosin (USDA National, Forest
Service, 2002). The US Forest Service considers all of these sites areas of special
interest due to their suitability as habitat for the red-cockaded woodpecker. In June
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2012, a controlled burn by the US Forest Service got out of control in the area near the
Catfish Lake Road site and burned the area immediately surrounding the site. This fire,
known as the Dad Fire due to its proximity to Father’s Day, (Figure 22), burned from
June 14 until approximately July 4, 2012.
At each site a 50m x 50m plot was set up and five to twenty random sampling
quadrats, 5m x 5m, were selected using a random numbers chart. These sites had
different numbers of quadrats due to flooding concerns. At each site an origin was
picked and the GPS coordinates were recorded using the Alltrails© application on an
iPhone 4™ (Table 1). This application is accurate to five meters. Catfish Lake Road
(Figure 4) had ten quadrats sampled (Figure 9). Millis 1 (Figure 5) had ten quadrats
sampled (Figure 9), and Millis 2 (Figure 6) had eleven quadrats (Figure 9). At White
Oak Road (Figure 7) twenty quadrats (Figure 9) were surveyed. This was the most
quadrats surveyed; the least number was at Millis 3. Mapping was conducted using the
ArcGIS online software and Google maps.
Each time data sampling occurred at a site it was repeated in the same quadrats
selected the first day. Measurements were taken twice a season at each site (Table 2),
two weeks apart, with the exception of fall 2012. Millis Road was closed during this time
and forced a delay in the second set of fall measurements. The following measurements
were recorded in each of the quadrats: height of trumpet, status of trumpet affected by
herbivory or not, referred to as healthy), number of trumpets, number of clumps, and
number of trumpets in each clump. A clump was defined as all the pitchers that
appeared to be sprouting from the same location. Also calculated for each date and site
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was median trumpet height for healthy trumpets and trumpets affected by herbivory. At
each site, photographs were taken on each sampling day.
All data sampling occurred over a two week period. Initial sampling started on
May 19, 2012 and concluded on June 4, 2012. Fall 2012 sampling started on
September 8 and concluded on October 21, 2012. This extended time period was due
to the inaccessibility of the Millis Road compartment because of road construction.
Summer 2013 sampling started on June 1. This later start was due to colder than
average temperatures and lack of trumpets. The final summer 2013 sampling date was
June 23. Fall 2013 sampling dates were adjusted so that sampling occurred an equal
number of weeks apart as it did in 2012; therefore sampling started on September 28
and concluded on October 20, 2013. A history of burns of data sampling can be seen in
Table 3.
To determine changes in herbivory a ratio of herbivory was calculated for each
clump by dividing the number of trumpets that exhibited herbivory by the total number of
trumpets in that clump. This allowed for comparison across time and sites.
The number of quadrats at each site varied therefore the density of trumpets at
each site was calculated. This was done by taking the total number of trumpets and
dividing it by the quadrats at the site.
A soil saturation index (SSI) was determined by depth of water present found in
the quadrats with S. flava plants. A number from 0-6 was assigned based on the depth
of water present each day and then summing the SSI from each sampling day (Table
2). Zero indicated no water present and six indicated a water depth above 44 cm.
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In order to avoid resampling of trumpets a single sampling date was selected to
run statistical analyses. The late summer 2013 date was selected due to overall sample
size and sample size at individual sites. Statistical analysis was completed using the
open source program R (R Core Team, 2013). In order to determine normality at each
site a Shapiro Wilk’s test was run and a qqnorm plot of quartiles was generated. MannWhitney U tests were run to determine if the difference in median heights of trumpets
exhibiting herbivory were significantly different from heights of trumpets without
herbivory. A two-tailed test was run and acceptable p-value was set to α=0.05. Median
values were used due to non-Gaussian distribution and to avoid skewing of results by
outliers. Non-parametric tests were run due to small sample sizes and non-Gaussian
distributions of data (Figure 16).
To further investigate the potential long term trends an informal survey was done
of a site that last been burned February 2009 (Horner, pers. comm., June, 2014). A site
was selected on Pettiford Creek Road in the Croatan National Forest with the
coordinates of the origin being 34.7393, -76.9975. This site was sampled on
September 4, 2014. Due to flooded conditions at this site an informal count was
conducted in which the number of clumps visible from the origin was counted. Then
any clumps that were accessible were assessed for herbivory status and were
measured for height. Fourteen clumps were visible from the origin. In eight clumps
height and herbivory were measured. The remaining six clumps were not accessible
due to extensive flooding so were assessed for removal of epidermis only.
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Results

Catfish Lake Road
As can be seen in Figure 17, the site at Catfish Lake Road was a more open site
than all the other sites and was the wettest (Table 1). It was consistently very wet
throughout the study, with a SSI value at or higher than four 75% time (Table 2).
Catfish Lake Road was the site that consistently had the most trumpets with herbivory
(Figure 11), the tallest trumpets (median = 48.2 cm, SD=14.9) and the most total
trumpets (n = 2364) (Figure 10). Even when adjusted for differences in number of
quadrats sampled between sites this site still had the highest number of trumpets with
236.4 trumpets per quadrat (Figure 13). At Catfish Lake Road a total of 173 clumps
were observed with a median ratio of herbivory of 0.44, SD =0.28 (Figure 12). This site
had a Gaussian distribution of data (Figure 16).
For the single sampling date, late summer 2013, Catfish Lake Road had 341
trumpets measured with a median height of 58.2 cm, SD = 13.6. These were the tallest
trumpets measured. Trumpets with herbivory were also the tallest with a median height
of 59.5 cm, SD = 11.9 (Figure 15). The difference in height between trumpets with
herbivory and healthy trumpets was the smallest at this site and measured 2.5 cm. For
the late summer 2013 sampling date Catfish Lake Road had the lowest herbivory per
clump value at 0.32, SD = 0.28 (Figure 14). This site has Rains Fine Sandy Loam soil
(Table 1).
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Millis 1
Millis 1 had the second highest soil saturation index, with a total of 25 (Table 2),
with the absence of any standing water observed only during the spring 2013 sampling
dates. For the duration of the study Millis 1 was also ranked second in total number of
trumpets (n = 579), height of trumpets (Figure 10), density of trumpets with 57.9
trumpets per quadrat (Figure 13), and number of trumpets with herbivory (Figure 14).
This was also a very open site (Figure 5, Figure 18) with Mandarin Sand as its soil type
(Table 1). While Millis 1 has a high number of S. flava trumpets, this does not translate
into a high ratio of herbivory per clump. Millis 1 and Millis 2 have the lowest overall
instances of median herbivory per clump, 0.40, SD=0.35 and 0.59,SD =0.33,
respectively (Figure 12).
When looking at the data for late summer 2013 date the Millis 1 site had the
shortest trumpets with a median height of 32.5 cm, SD=13.3 (Figure 15). The herbivory
per clump value at this site is the second highest at 0.76, SD=0.26 (Figure 14).

Millis 2
This site was drier with typical Soil Saturation Index values ranging from 0-2
(Table 2). Only on the very last sampling date did the value deviate with a SSI value of
6, which also corresponds to no trumpets being found. Millis 2 exhibited some woody
understory (Figure 19) and had Mandarin Sand as its soil type (Table 1). For this site
there were more healthy trumpets than trumpets that exhibited herbivory; these
trumpets on average were taller than the healthy trumpets (Figure 11). This site had the
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least number of total clumps measured with 36, but not the least amount of trumpets
with 141, which translated to a density of 14.1 (Figure 13).
Millis 2, on the single sampling day used for statistical analysis, has the highest
herbivory per clump value at 1.0, SD=0.33 (Figure 14). Median trumpet height on this
day was 34.4 cm, SD=14.3 (Figure 15). Trumpets with herbivory had the shortest
median value of 34.6 cm, SD=15.9. The difference between healthy trumpets and
trumpets with herbivory was 8.2 cm which is also low (Table 4).

White Oak Road
White Oak Road was the site that experienced no burn disturbances at all during
the study (Table 2), has Leon Sand, and a total Soil Saturation Index of 8 (Table 1).
Similar to Millis 3, the number of trumpets with herbivory exceeded the number of
healthy trumpets, resulting in a median herbivory per clump value of 0.67, SD= 0.36
over the course of the study (Figure 12). White Oak Road had a total of 206 trumpets
measured but this translates to a density of 10.3 trumpets per quadrat (Figure 13), the
lowest value of the study. White Oak Road had some understory (Table 1, Figure 20).
In the single sampling day White Oak Road had a median herbivory per clump
value of 0.50, SD=0.58 (Figure 14). The median height of trumpets was 40.9 cm,
SD=12.7. Trumpets with herbivory had a median height of 44.3 cm, SD=8.7, this was
second highest value (Figure 15).
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Millis 3
Millis 3 had the least amount of trumpets with 138 (Figure 10); when adjusted for
quadrats measured this site had a density of 19.7 trumpets per quadrat (Figure 13).
This site was the most overgrown (Figure 21) and has Leon Sand as its soil type. It was
also the driest site with a total Soil Saturation Index of six (Table 1). This site had thirty
six total clumps measured during the study and when calculated had the second highest
herbivory per clump value at 0.67, SD=0.37.
Millis 3 had a one day herbivory per clump value of 0.75, SD=0.35 (Figure 14).
Median trumpet height for the single sampling day was 40.3 cm, SD=16.3 (Figure 15).
The difference between healthy trumpets and trumpets that exhibited signs of herbivory
was 21.6 cm. This was the second highest difference.

Whole study
For the study as a whole, sites that were unburned with Leon Sand as their soil
type, had a low SSI, and low levels of woody understory had more trumpets with E.
ridingsii present (Figure 11). The sites with these characteristics were Millis 3 and
White Oak Road, and they had herbivory per clump proportions of 0.59, and 0.67
respectively. When the data for late summer 2013 was looked at the results were very
different. The median herbivory per clump ranks were almost reversed with the highest
values found at the burned sites, Millis 2 and Millis 1. The values were 1.0 and 0.82
respectively. The lowest median herbivory per clump value was found at the Catfish
Lake Road site with a value of 0.32 (Figure 13). These differences were not found to be
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statistically different as related to the site as found by a Kruskal-Wallis test (p = 0.22).
Millis 1 and Millis 2 shared mid SSI values, and Mandarin Sand as their soil type.
Height differences among sites were found to be statistically different as related to sites
as found by a Kruskal-Wallis test (p<<0.001 ).

Pettiford Creek Road
At Pettiford Creek Road 14 clumps and 60 trumpets of Sarracenia flava were
observed. Of these 60 trumpets, 38 height measurements were taken. The tallest
trumpet was 60.8 cm and exhibited herbivory. The shortest trumpet also showed signs
of herbivory and measured 15.8 cm. Healthy trumpets showed a height range from
27.2 cm to 43.6 cm. All clumps exhibited herbivory with herbivory per clump values
ranging from 0.30 to 1.0. The median herbivory per clump value was 1.0. Soil type at
this site was Mandarin Sand, the same as Millis 1 and 2.

Discussion
In order to account for the differences in the number of trumpets measured at
each site it is necessary to look at herbivory per clump values to measure proportion of
herbivory. The data from the late summer 2013 sampling date gives evidence that I
should not fully reject my original hypothesis that E. ridingsii prefers burned habitats.
There was however, evidence to support the hypothesis that multiple factors may play a
role. The two burned sites, Millis 1 and Millis 2 had the highest herbivory per clump
values (Figure 14). However, these differences were not statistically significant as
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correlated to site. It is highly unlikely that the moths and larvae survived the burn as the
site was completely burned (Figure 23) and these organisms are not seen moving from
the pitchers or found in any other plants. Also when considering Pettiford Creek Road it
had a high median herbivory per clump value of 1.0. What these three sites shared is a
lack of woody understory growth, and Mandarin Sand as their soil type. Millis 1 and
Millis 2 also had mid-SSI values in common. Pettiford Creek Road was only surveyed
one day so I cannot comment on its overall soil saturation. These shared
characteristics could indicate that soil saturation, amount of woody understory growth,
and soil type play a role in habitat selection of Exyra ridingsii. Of concern is sample size
which would need to be addressed in future studies. However, this date was selected
to ensure that the moth would have been able to exhibit its full effects and the other
sampling dates showed similar sample size concerns.
Exyra ridingsii was hypothesized to use a metapopulation strategy and therefore
I would see lower instances of herbivory in the unburned sites closest to the burned
sites after the burn. This would be due to the unburned site being a reservoir for the
existing populations (Haddad, 1999). These existing populations would then immigrate
to the new healthier trumpets in the burned/recovering sites. Herbivory per clump at
Millis 3, an unburned site immediately adjacent to a burned site was 0.75 which was
lower than at Millis 1 and Millis 2 (Figure 14). It is hard to determine whether a
metapopulation strategy is truly used due lack of tagging of the moths and an irregular
burn pattern, but this strategy should not be ruled out. It is important to consider that

16

the moths may just be moving from one suitable habitat patch to another as they
appear, supporting the metapopulation hypothesis.
In accordance with the plant vigor hypothesis it was also hypothesized that
unburned sites would have shorter trumpets due to the lack of herbivory as the latter
spurs plant growth and burned sites would have taller trumpets. Millis 3, which was an
unburned site had the shortest overall trumpets as expected. This was also the site that
was the driest and had the most woody understory growth (Table 1). White Oak Road
was a site that experienced no fire disturbances during this study (Table 3) but was a
more open site and had a higher SSI. While it still had short trumpets, they were taller
(but not statistically) than Millis 3. The site at Catfish Lake Road had the tallest overall
trumpets; this site was unburned, but lacked woody understory and had the highest SSI.
A Kruskal-Wallis test determined that height of trumpets was dependent upon site and
thereby burn status. The lack of woody understory growth may have contributed to the
height of the trumpets. It has been accepted that burns and the resulting reduced litter
play an important role in carnivorous plant health (Brewer, 1999; Brewer, 2005), but
even in unburned sites such as Catfish Lake Road there was decreased competition
from woody understory which cannot be attributed to a burn. Also at Catfish Lake Road
there is a high SSI and Rains Fine Sandy Loam Soil. Rains Fine Sandy Loam soil is
extremely to strongly acidic (Goodwin, 1987) and according to Boyer and Carter (2011)
it is important for the soil in pitcher plant bogs to have a low pH and to be saturated; the
site at Catfish Lake Road would certainly meet these conditions. Two of the unburned
sites, Millis 3 and White Oak Road had the shortest median trumpet height and
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experienced the least amount of herbivory. It was not clear if this is support for the plant
vigor hypothesis (i.e., because the trumpets were less vigorous and supplied less
nutrients to the Exyra) or if some other factor played a role in trumpet height.
This study shows that there is much research left to be done on Riding’s
pitcherplant looper moth, Exyra ridingsii, but it appears that while burn status may play
role in habitat selection there are other factors that have an important role such as soil
type, soil saturation, and the amount of woody understory growth that influence trumpet
size.
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APPENDIX I

Figure 1. Current distribution of Sarracenia flava in the United States. Green
indicates native areas, light green indicates present and not rare, and yellow
indicates present and rare. Used with permission (Kartesz, 2013).
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Figure 2. Exyra ridingsii adult in Sarracenia flava. Picture taken June 1, 2013 at
White Oak Road site, Croatan National Forest, North Carolina.
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Figure 3. Map of all five sites surveyed for S. flava and E. ridingsii from May,
2012 to October, 2013 in the Croatan National Forest, North Carolina.
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Figure 4. Aerial view of the Catfish Lake Road site, Croatan National Forest,
North Carolina. This site was surveyed May, 2012 to October, 2013. Red
balloons indicate that GPS coordinates were recorded on site. A black balloon
indicates that the GPS coordinates were not recorded on site and were found
using mapping tools on mapping software.
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Figure 5. Aerial view of Millis 1 site, Croatan National Forest, North Carolina.
Red balloon indicate that GPS coordinates were recorded on site. This site was
surveyed May, 2012 to October, 2013. A black balloon indicates that the GPS
coordinate was not recorded on site and were found using mapping tools on
mapping software.
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Figure 6. Aerial view of Millis 2 site, Croatan National Forest, North Carolina.
Red balloons indicate that GPS coordinates were recorded on site. This site was
surveyed May, 2012 to October, 2013. A black balloon indicates that the GPS
coordinates were not recorded on site and were found using mapping tools on
mapping software.
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Figure 7. Aerial view of White Oak Road site, Croatan National Forest, North
Carolina. This site was surveyed May, 2012 to October, 2013. Red balloons
indicate that GPS coordinates were recorded on site.
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Figure 8. Aerial view of Millis 3 site, Croatan National Forest, North Carolina.
This site was surveyed May, 2012 to October, 2013. Red balloons indicate that
GPS coordinates were recorded on site. Black balloons indicate that the GPS
coordinates were not recorded on site and were found using mapping tools on
mapping software.
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Figure 9. Site maps of all sites. The sites were 50 meters x 50 meters, each
square represents a 5 meter quadrat. Shaded squares are quadrats that were
surveyed for herbivory. These quadrats were selected using a random numbers
chart. (A) is Catfish Lake Road, (B) Millis 1, (C) is Millis 2, (D) is White Oak Road,
and (E) is Millis 3 in the Croatan National Forest, North Carolina .
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Figure 10. Distribution of the height of trumpets measured at all sites in the Croatan National Forest, North Carolina from
May 2012 to October 2013. Height of trumpets in cm is shown on the x-axis. Number of trumpets is shown on the y-axis.
(B) and (C) show the burned sites. (A) and (E) show sites that had burns occur nearby, (D) shows a site where there no
burn disturbances during the study.
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Figure 11. Distribution of trumpets measured at each site site in the Croatan National Forest, North Carolina from May
2012 to October 2013. Height of trumpets in cm is shown on the x-axis and number of trumpets at each height is shown
on the y-axis. Each site is shown in a different color. Distribution for trumpets without herbivory are shown on the top
panels and distribution of trumpets with herbivory are shown on the bottom panels.
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Figure 12. Boxplot showing herbivory per clump at each site site in the Croatan National Forest, North Carolina from May
2012 to October 2013. Boxes show the quartiles with whiskers showing the range of values found. The dark line
indicates the median values. CLR = Catfish Lake Road, M1 = Millis 1, M2=Millis 2, WOR = White Oak Road, and M3=
Millis 3. Herbivory/clump was calculated by dividing the number of trumpets in a clump showing signs of herbivory by the
total number of trumpets in the clump. This gave a value from 0 to 1.0. The line in the chart indicates a value of 0.50
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Figure 13. Total density of pitchers at each site in the Croatan National Forest, North Carolina from May 2012 to October
2013. This accounts for the different numbers of quadrats sampled at the sites. These values were found by taking the
total number of pitchers sampled and dividing by the number of quadrats sampled at that site.
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Figure 14. Boxplot of one day herbivory per clump values at each site in the Croatan National Forest, North Carolina
from May 2012 to October 2013. Boxes represent full range of values when no whiskers present, dark lines represent
quartile values, and whiskers represent 1.5x quartiles. Open circles, when present represent outliers. Dark line
represents an herbivory per clump value of 0.50.
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Figure 15. Bar graph showing the median heights of the trumpets in cm at each of the sites in the Croatan National
Forest, North Carolina for the late summer 2013 sampling date.
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Figure 16. Normality tests for late summer 2013 data for each site in the Croatan National Forest, North Carolina. Data
were tested for normality using qqnorm graphing and Shapiro Wilk’s test. Red line in each of the figures indicates where
normally distributed data should fall. According to the qqnorm figures, data has a non-Gaussian distribution. For the
Shapiro Wilk’s test the null hypothesis is that data is normally distributed with an acceptable p-value set to 0.05.
According to the test the null hypothesis cannot be rejected for the Millis 1, White Oak Road and Millis 3 sites. However,
sample sizes were small which lead to the use of non-parametric statistical tests.
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Figure 17. Images from the Catfish Lake Road site, Croatan National Forest North Carolina showing changes in the site
over time. (A) shows the site at the beginning of the study (May 2012), (B) at the beginning of the 2013 sampling season
(June 2013), and (C) at the end of the study (October 2013).

Figure 18. Images from the Millis 1 site, Croatan National Forest, North Carolina showing changes in the site over time.
(A) shows the site at the beginning of the study (May 2012), (B) at the beginning of the 2013 sampling season (June
2013), and (C) at the end of the study (October 2013).
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Figure 19. Images from the Millis 2 site, Croatan National Forest North Carolina showing changes in the site over time.
(A) shows the site at the beginning of the study (May 2012), (B) at the beginning of the 2013 sampling season (June
2013), and (C) at the end of the study (October 2013).
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Figure 20. Images from the White Oak Road site, Croatan National Forest, North Carolina, showing changes in the site
over time. (A) shows the site at the beginning of the study (May 2012), (B) at the beginning of the 2013 sampling season
(May 2013), and (C) at the end of the study (October 2013).

37

Figure 21. Images from the Millis 3 site, Croatan National Forest, North Carolina, showing changes in the site over time.
(A) shows the site at the beginning of the study (May 2012), (B) at the beginning of the 2013 sampling season (June
2013), and (C) at the end of the study (October 2013).
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Figure 22. Map of the Dad Fire in the Croatan National Forest, North Carolina
(Jones, 2012). This fire burned from approximately June 14th to July 4th 2012.

39

Figure 23. Picture of the Millis Road compartment, Croatan National Forest,
North Carolina immediately after the April, 2012 burn.
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Appendix II
Table 1. Summary of habitat characteristics, burn status, and coordinates of the
origin for each site in the Croatan National Forest, North Carolina. This study
was conducted over two years from May, 2012 to October, 2013. Coordinates
will work in Google maps.
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Table 2. Soil saturation index for all sites in the Croatan National Forest, North Carolina from May, 2012 to October,
2013. This table shows how wet the sites were during sampling times. A 0 indicates the site was completely dry; 1 that
the soil was moist, no standing water. A 2 indicates there was some standing water but it was not connected, i.e.,
“puddles” of water. A 3 is indicative of connected standing water up to 7 cm deep. A value of 4 indicates standing water 7
to 24 cm deep; 5 indicates connected water 24 to 44 cm deep, and a 6 being standing connected water higher than 44 cm
deep. (Note the highest observed height of the water was 60 cm.)
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Table 3. Burn status of each site from spring 2009 until fall 2014 in the Croatan National Forest, North Carolina. This
covers historical burn data as well as the full length of the study. Dark red shaded areas indicate times that burns
occurred in the site, burnt orange shaded areas indicate that burns occurred near the site. Dark outlined areas indicate
times that sampling occurred. If an area is shaded and outlined, the sampling occurred within a six weeks of the burn
occurring.
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Table 4. Difference between median height values for trumpets with herbivory
and healthy trumpets. Mann-Whitney U values were then calculated at each site.
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Chapter 2: The effects of Exyra ridingsii, Riding’s pitcherplant looper moth, on
Sarracenia flava, the yellow pitcher plant
Abstract.
Sarracenia flava, is found throughout the southeastern United States in
pitcher plant bogs. It is the obligate host for the moth Exyra ridingsii. This moth
carries out its entire life cycle in the pitchers. The purpose of this study was to
determine the effects of E. ridingsii on S. flava. I investigated the effect herbivory
would have on trumpet height in the year subsequent to herbivory and if moths
were selecting trumpets for herbivory based on height. Five sites were studied
over two years. At each site in selected quadrats the following information was
recorded, number of trumpets, trumpet height, trumpet status (herbivory or
without herbivory), number of trumpets in a clump, and number of clumps in the
quadrat. Sites that had high instances of herbivory had lower overall differences
in plant height from the beginning of the study to the end. The difference
between the numbers of trumpets with herbivory and without herbivory was found
to be statistically significant during the course of the study using a chi-square test
(p<<0.001). Exyra ridingsii herbivory had no effect on the next year’s growth of
S. flava. Exyra ridingsii has little effect on S. flava populations and avoids
injuring more vulnerable, smaller plants.

keywords: Sarracenia flava, Exyra ridingsii, yellow pitcher plant, resorption,
herbivory, plant vigor hypothesis, riding’s pitcherplant looper moth,
commensalism
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Introduction
The yellow pitcher plant, Sarracenia flava (Linneaus), is a species specific
host for Exyra ridingsii (Riley) (Jones, 1921; Folkerts & Folkerts, 1996) (Figure 1).
The larva of this moth is commonly referred to as Riding’s Pitcherplant Looper
(Wagner, et al. 2011) and its whole life cycle occurs in S. flava (Jones, 1921).
Exyra relies on S. flava in order to survive. The relationship between the two
organisms is symbiotic (Folkerts, 1999) in which herbivory occurs.
Yellow pitcher plants are carnivorous plants that are found throughout the
southeastern coastal plains of the United States (Evans, 2005). Isolated
populations of S. flava can also be found elsewhere (Figure 2). Pitcher plants
are found in the longleaf pine forests of the North Carolina coastal plain where
fires historically occurred every one to five years and were caused by lightning
strikes (Platt, et al. 1999). The current plan of the US Forest Service is to
recreate that regime with controlled low intensity burns every three years (USDA
National Forest Service, 2002). This fire regime is important in order to sustain
the health of S. flava (Brewer, 1999). After a fire the clumps that result will show
an increase in both number of pitchers produced (Barker and Williamson, 1998)
and pitcher volume (Brewer, 2005).
In order to attract prey yellow pitcher plants use nectar. This hardens into
crusty nectar drops on the sides of the trumpet which looks like the eggs laid by
the E. ridingsii moth (Jones, 1921). Larvae create a chamber in the trumpet
either by spinning a silken web or girdling the top of the pitcher forcing it to close
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(Figure 3) (Jones, 1921; Folkerts & Folkerts, 1996). E. ridingsii undergoes five
larval stages overwintering, if necessary, as a second, third, or fourth instar larva
(Folkerts & Folkerts, 1996). The larva feeds on just the inner layer of the
pitcher’s tissue (Jones, 1921) (Figure 4). As the larva feeds it leaves frass in the
bottom (Folkerts & Folkerts 1996).
During feeding the larva ingests the coniine that the plant uses to paralyze
its prey (Jones, 1921; Folkerts, 1988). This chemical leeches from the pitchers
onto its walls. The ingestion of this alkaloid compound results in E. ridingsii
becoming toxic. In order to signal to its prey that it is distasteful and toxic E.
ridingsii has aposematic coloration. The coloration throughout its life cycle
signals its toxicity with the organism having red and black coloration in the larva
and yellow and black coloration in the adult (Figure 1) (Blum, 2004).
According to Folkerts and Folkerts (1996) once the larva pupates it is
either found suspended in the pitcher or lying on the frass at the bottom of the
pitcher. When the adult emerges it can crawl on the walls of the pitcher (Folkerts
& Folkerts, 1996) with females staying close to the pitcher. Mating also occurs in
the pitcher.
According to the plant vigor hypothesis, younger more vigorous plants are
attacked more often by herbivores than older plants, and then once attacked the
result is that plants grow more vigorously (Price, 1991). In their study of
herbivory Cobb, et al. (1997) also found that herbivores were more likely to feed
upon plants in stressed environments than plants in non-stressed environments.
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Barker and Williamson (1988) showed that S. alata produce more trumpets after
a fire. Atwater et al. (2006) were able to find evidence that trumpet size can be
influenced by the previous year’s herbivory. The leaves of angiosperms
experience determinate growth (Steingraeber & Fisher, 1986), because of this
any effects of herbivory would not be seen in the year that it occurs. Moon et al.
(2008) found that over the growing season plants affected by herbivory exhibited
decreased numbers of trumpets and those plants were shorter than earlier in the
season. The pitchers of S. flava are modified leaves which are used to trap
insects (Jones, 1921).
Sarracenia flava is found in wet, acidic soils that are nutrient poor
(Adamec, 2011). Carnivory is an important adaptation for plants that are found in
nutrient poor soils as it allows carnivorous plants to gain nutrients the soils are
lacking (Adamec, 2011). This adaptation is especially important in young
pitchers (Brewer, 2001; Adamec, 2001). Pitcher plants also have the ability to
absorb nutrients from their senescing leaves (Aerts, 1996; Adamec, 2011; Schatz
and Horner, 2014). Resorption is another adaptation that allows them to
conserve the nutrients that are lacking in the soil. Schatz and Horner (2014)
found that N absorption in S. alata can be higher than 97%. This is an important
adaptation since S. flava also live in nutrient poor soils and because they are
carnivorous plants they also are likely to be very efficient at recycling nutrients
(Adamec, 2014). Consequently, the effects from Exyra mediated reduced
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nutrient recycling, prey capture, and size of pitchers can reduce the health of
pitcher plants in future years.

Purpose and a priori hypotheses
The purpose of this study is to examine the effects of Exyra ridingsii on
Sarracenia flava; specifically, how herbivory by E. ridingsii affects the growth
patterns of S. flava. Any changes in the plants would not be seen until the
second sampling season due to the fact that S. flava are angiosperms that
experience determinate growth.

First Alternate Hypothesis
The relationship between S. flava and E. ridingsii has evolved into
symbiotic relationship with herbivory. In this case it is hypothesized that E.
ridingsii will have little effect on the plant due to the fact that the plant is its
obligate host. In this case E. ridingsii will only select pitchers above a certain
size to inhabit. This will be seen in the 2013 sampling year with larger trumpets
experiencing more herbivory than smaller trumpets, and little difference seen in
trumpet heights between 2012 and 2013.

Second Alternate Hypothesis
It is also possible that because of herbivory the resulting lack of nutrients
from tissues removed and no longer available for resorption may result in a
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decrease in plant height. Plants with high herbivory per clump values will have
shorter trumpet heights in the following growing season due to a lack of nutrients.

Third Alternate Hypothesis
Over the course of this study it is hypothesized that burned sites with high
E. ridingsii numbers will show an increase in S. flava height. The burning of the
site releases nutrients and reduces competition resulting in more vigorous plants
and therefore higher herbivory. The following season the plants will be taller.
This increase will be due the increased vigor of the plant caused by the
increased herbivory.

Null hypothesis
Alternatively, it is possible that E. ridingsii has no effect on the growing
patterns of S. flava and there is no size preference seen for trumpets.

Study Site
The Croatan National Forest is a relatively small forest, composing
approximately 65,182 hectares in portions of Jones, Craven and Carteret
counties in the coastal plain of southeastern North Carolina (USDA National
Forest Service, 2002). The Croatan National Forest has three major ecosystems
that are of importance, the pocosins, longleaf pine forests and hardwood
wetlands (USDA National Forest Service, 2002).
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Methods and Materials
Within the Croatan National Forest five sites were studied (Figure 5) from
May 2012 to October 2013. Study sites included the Millis Road compartment,
Catfish Lake Road and White Oak Road. The Millis Road compartment was
burned starting on March 12, 2012 and continued to burn through April 9, 2012
(Figure 6). This site is classified as a longleaf pine forest, or savanna (USDA
National, Forest Service, 2002). Three sites were selected from this
compartment; two burned and one unburned. The burned plots are referred to
as Millis 1 (closest to the unburned plot) and Millis 2. The unburned plot at the
Millis Road compartment is called Millis 3. The sites at Catfish Lake Road and
White Oak Road are also unburned sites. Millis 3 and White Oak Road were last
burned in 2009. White Oak Road is a longleaf pine savanna, with the Catfish
Lake Road site being a pocosin (USDA National, Forest Service, 2002). The US
Forest Service considers all of these sites areas of special interest due to their
suitability as habitat for the red-cockaded woodpecker. The site at Catfish Lake
Road was located at the intersection of South Little Road and Catfish Lake Road,
under the power lines. However, in June 2012, a controlled burn by the US
Forest Service got out of control in the area near the Catfish Lake Road site and
burned the area immediately surrounding the site. This fire was called the Dad
Fire (Figure 7).
Each site had a 50 meter square plot with seven to twenty sampling
quadrats selected using a random numbers chart. The sites had different
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number of 5m x 5m quadrats due to flooding concerns. An origin was selected at
each site and the coordinates were recorded using the Alltrails© application on an
iPhone 4™ (Table 1). This application is accurate to 5 meters. Catfish Lake
Road had ten quadrats sampled (Figure 8). Millis 1 had ten quadrats and Millis 2
had eleven quadrats (Figure 8). At White Oak Road twenty quadrats (Figure 8)
were surveyed. Millis 3 had the fewest of quadrats surveyed at seven (Figure 8).
Mapping was then conducted using the ArcGIS Online software and Google
Maps©.
The study started on May 19, 2012 and ended on October 20, 2013. Each
site was sampled twice in the fall and summer of 2012 and 2013 (Table 2). The
same quadrats at each site were surveyed both years. Measurements were
taken two weeks apart during each sampling time, except fall 2012 during which
Millis Road was closed. Fall 2012 sampling started on September 8 and
concluded on October 21, 2012. Sampling in 2013 started on June 1, 2013.
This later start was necessary due to colder than average temperatures and a
lack of plants. Fall 2013 start dates were adjusted so equal time occurred
between summer and fall sampling dates in the 2012 and 2013 data sets.
Measurements taken at each site include: number of trumpets, number of
clumps, number of trumpets in each clump, height of each trumpet, health of the
trumpet.
Median heights were calculated for healthy trumpets, trumpets affected by
herbivory and all trumpets combined. As a measure of herbivory intensity, an
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herbivory ratio was calculated. This was calculated by dividing the number of
trumpets that exhibited herbivory in a clump by the total number of trumpets in
that clump. This allowed comparison across time and sites. The density of
trumpets at each site was calculated by taking the total number of trumpets and
dividing it by the quadrats at the site.
A soil saturation index (SSI) for each date was determined by the depth of
water found at the site. A number from 0-6 was assigned based on the depth of
water present at the site (Table 2). A zero was assigned if the site was dry, and
a six indicated that the water depth was more than 44 cm. The SSI for each date
was then summed to give the overall SSI for the site.
In order to avoid resampling, a single sampling date was selected to run
statistical analyses. Due to sample size considerations the late summer 2013
date was selected. If a comparison between years was needed the
corresponding late summer 2012 date was used. Statistical analysis was
completed using the open source program R (R Core Team, 2013). For each
site a Shapiro Wilk’s test was done and a qqnorm plot of quartiles was generated
in order to determine whether the samples had a Gaussian distribution (Figure
9); they did not. Based on these results and the small sample size nonparametric statistical tests were conducted. A Kruskal-Wallis test was conducted
to see whether trumpet height differed by herbivory status. A Spearman’s rankorder correlation was conducted to determine if the change in plant height from
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2012 to 2013 was correlated to amount of herbivory. Acceptable p-values for all
tests were set at α = 0.05.
Trumpets were placed into two classes. The two classes were as follows,
trumpets up to and including 20 cm, and trumpets above 20 cm. In order to
determine if there was a difference in herbivory status based on size a chi-square
test was done for each site as well as the study as a whole. The online software
GraphPad was used to run these tests.
A further investigation of the long term trends of E. ridingsii on S. flava
was deemed necessary and an informal assessment was done on September 4,
2014 of a site that was last burned February 2009 (Table 2) (Horner, personal
communication, June, 2014). A site was selected on Pettiford Creek Road in the
Croatan National Forest with the coordinates of the origin being 34.7393, 76.9975. Due to flooded conditions at this site an informal count was conducted
in which the number of clumps visible from the origin was counted. Then any
clumps that were accessible were assessed for herbivory status and were
measured for height. Fourteen clumps were visible from the origin. In eight
clumps height and herbivory were measured. The remaining six clumps were not
accessible due to extensive flooding so were assessed for removal of epidermis
only.
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Results

Millis 2
Millis 2 is a burned site, and had the highest median herbivory per clump
value for the late summer 2013 sampling date of 0.86, SD=0.25. Plants showed
an increase in trumpet height from 2012 to 2013, this was not shown to be
correlated to herbivory (Table 4). At Millis 2 there were more trumpets affected
by herbivory measured over the course of the study than healthy trumpets
(Figure 9). The trumpets with herbivory had a higher median height (28.9 cm,
SD=15.9) than the healthy trumpets (21.5 cm, SD=5.5), but this difference was
not significant. In 2012, Millis 2 had low herbivory, but the following year the
plants have trumpets with herbivory that are taller (Figure 10). A significant
difference in herbivory status based on class size was found at this site (p =
0.0036 ). The trumpets in the smallest class experienced less herbivory than was
expected.

Millis 1
The trumpets at Millis 1 showed an increase in median height of 11.0 cm
from 2012 to 2013 (Table 4), this was not correlated to herbivory. For the single
sampling date of late summer 2013 Millis 1 had the second highest herbivory per
clump value at 0.76, SD=0.26 (Figure 12). Median overall trumpet height on this
date was the shortest at 32.5 cm, SD=9.9 and trumpets with herbivory were also
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the shortest at 19.6 cm, SD=16.9 (Figure 11). This site had an SSI value of 25
(Table1). At this site a significant difference in herbivory status based on size
was found (p < 0.0001) with the small class experiencing less herbivory than
expected.

Millis 3
Millis 3 also had an increase in median trumpet height of 11.0 cm from
2012 to 2013, but this is not correlated to herbivory (Table 4). This site was the
driest site and had Leon Sand as its soil type (Table 1). This site was unburned
(Table 2). This site had no significant difference in herbivory status as
determined by the chi-square test (p=0.77).

White Oak Road
White Oak Road was another unburned site with a low SSI (Table 1). At
this site there were more total trumpets with herbivory measured than healthy
trumpets. However, these categories had almost equal median heights (Figure
9). The herbivory per clump value for the late summer 2013 sampling date was
0.75, SD=0.58 (Figure 12). This site had the highest herbivory in 2012 and an
increase in median plant height from 2012 to 2013 of 14.5 cm. This site showed
no significant difference in herbivory status based on class (p=0.06). This site
had the lowest density of trumpets at 10.3 (Figure 13).
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Catfish Lake Road
In this study Catfish Lake Road was the site that had the tallest median
trumpet height with an overall median trumpet height of 48.2 cm, SD=14.9 and a
median trumpet height on the late summer 2013 sampling date of 58.2 cm,
SD=13.6 (Figure 11). Catfish Lake Road had a nearly equal change in median
plant height from 2012 to 2013, with the change being 14.3 cm, but it
experienced low herbivory in 2012. There is no correlation between herbivory
and changes in plant height from 2012 and 2013 as found by Spearman’s rank
correlation (Table 4). Catfish Lake Road an unburned site (Table 2). This site
had the highest SSI and Rains Fine Sandy Loam as its soil type (Table1). It was
also the site with the highest number of trumpets per quadrat (Figure 13).

All sites
For the study as a whole, herbivory status differed from expected as
indicated by the chi-square test (p << 0.0001). The smallest class has more
trumpets without herbivory than expected.
For all sites healthy trumpets were shorter than trumpets with herbivory
during the late summer 2013 data collection (Figure 11). However, this height
difference between trumpets without herbivory and trumpets with E. ridingsii was
not significant as found with a Kruskal-Wallis test (p=0.56).
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Pettiford Creek Road
Median trumpet height at the Pettiford Creek Road site was 37.5 cm, with
median herbivory per clump being 1.0. The shortest trumpet exhibited herbivory
and measured 15.8 cm. No differences in herbivory or trumpet heights were
observed as this site was only sampled one day. Also of note, is that 100% of
the 14 clumps observed exhibited herbivory which was not observed at any other
site.
Also of note is that sites with the highest herbivory per clump values in the
second sampling year, Millis 1 and Millis 2, were the sites that had the shortest
overall trumpets (Figure 11). Pettiford Creek Road also has a low median overall
trumpet height at 37.5 cm with a high herbivory per clump of 1.0.

Discussion

First alternate hypothesis
Due to the obligate symbiotic relationship between E. ridingsii and S. flava
I hypothesized that the moth would have no overall effect on the plant. In order
to ensure no detrimental effect on the health of the plant there would be selection
against herbivory in the smaller, more vulnerable trumpets. This would ensure
that the small pitchers are able to capture prey and continue to grow. If this was
the case more frequent herbivory would be observed on large pitchers. This is
important because small pitchers need more nutrients (Adamec, 2011), and
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herbivory on smaller pitchers would prevent them from obtaining those nutrients.
In accordance with this hypothesis S. flava experienced significantly less
herbivory in the smallest class of trumpets as shown, for the study as a whole,
Millis 1 and Millis 2. While median plant height did increase from 2012 to 2013 at
all sites a spearman’s rank correlation showed that it was not correlated with
herbivory in the previous year (Table 4). Given this and the avoidance of the
smallest trumpets, the hypothesis that E. ridingsii has no overall effect due to its
symbiotic relationship with S. flava is supported.

Second alternate hypothesis
This hypothesis stated that the resulting lack of nutrients available to S.
flava due to herbivory would result in a decrease in plant height in subsequent
growing seasons. Due to the fact that the median trumpet height at all sites
increased from 2012 to 2013 (Table 4), I failed to reject the null hypothesis even
though there is no correlation with herbivory. Sites that had high herbivory in
2012, such as White Oak Road, showed nearly the same increase in median
trumpet height as sites with low herbivory.

Third alternate hypothesis
As per the plant vigor hypothesis increased herbivory by Exyra ridingsii
would allow its host plant Sarracenia flava to increase its height. Increased
herbivory was expected in the burned sites. Increased herbivory was only found
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at the burned sites in the late summer 2013 sampling date (Figure 12). In order
to account for the herbivory having an effect on trumpet height it was necessary
to look at median herbivory in the 2012 sampling year. Median trumpet height
increased at all sites; however this increase was not correlated either positively
or negatively with herbivory (Table 4). Due to these findings I accepted the null
hypothesis that herbivory did not cause the increase in plant height.

Null hypothesis
Given that E. ridingsii avoids vulnerable small pitchers I am rejecting the
null hypothesis.
Among all the hypotheses investigated in this study, the one in which E.
ridingsii avoids small trumpets and therefore have no long term effect on their
host plants was supported for the study as a whole. In order to gain further
support for this hypothesis further, controlled, replicated studies should take
place with increased sample sizes.
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Appendix III

Figure 1. Exyra ridingsii adult in Sarracenia flava. Picture taken June 1, 2013 at
White Oak Road site, Croatan National Forest, North Carolina.
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Figure 2. . Current distribution of Sarracenia flava in the United States. Green
indicates native areas, light green indicates present and not rare, and yellow
indicates present and rare. Used with permission (Kartesz, 2013).
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Figure 3. Picture of closing of trumpets by E. ridingsii larva in the Croatan
National Forest, North Carolina (A) shows both girdling and loss of inner
epidermis of leaf. (B) shows silken webbing. Photos were taken July 9, 2012.
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Figure 4. Picture shows removal of inner layer of leaf tissue in S. flava by E.
ridingsii larva in the Croatan National Forest, North Carolina. Photo was taken
August 30, 2014.
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Figure 5. Map of all five sites surveyed for S. flava and E. ridingsii from May,
2012 to October, 2013 in the Croatan National Forest, North Carolina.
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Figure 6. Picture of the Millis Road compartment, Croatan National Forest,
North Carolina immediately after the April, 2012 burn.
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Figure 7. Map of the Dad Fire in the Croatan National Forest, North Carolina
(Jones, 2012). This fire burned from approximately June 14 to July 4, 2012.
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Figure 8. Site maps. The sites were 50 meters x 50 meters, each square
represents a 5 meter quadrat. Shaded squares are quadrats that were surveyed
for herbivory. These quadrats were selected using a random numbers chart. (A)
is Catfish Lake Road, (B) Millis 1, (C) is Millis 2, (D) is White Oak Road, and (E)
is Millis 3 in the Croatan National Forest, North Carolina.
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Figure 9. Distribution of trumpets measured at each site sites in the Croatan National Forest, North Carolina from May,
2012 to October, 2013. Height of trumpets in cm is shown on the x-axis and number of trumpets at each height is shown
on the y-axis. Each site is shown in a different color. Healthy trumpet distributions are shown on the top panels and
distribution of trumpets with herbivory are shown on the bottom panels.
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Figure 10. Changes in median trumpet height and herbivory by site over time. Top panel shows median herbivory per
clump over time for each site, the bottom panel shows median trumpet height over time. Shaded bars are healthy
trumpets, unshaded bars are trumpets with herbivory.
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Figure 11. Bar graph showing the median heights of the trumpets in cm at each of the sites in the Croatan National
Forest, North Carolina for the late summer 2013 sampling date.
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Figure 12. Boxplot of one day herbivory per clump values at each site in the Croatan National Forest, North Carolina
from May, 2012 to October, 2013. Boxes represent full range of values when no whiskers present, dark lines represent
quartile values, and whiskers represent 1.5x quartiles. Open circles, when present represent outliers. Dark line
represents an herbivory per clump value of 0.50.
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Figure 13. Total density of pitchers at each site in the Croatan
National Forest, North Carolina from May, 2012 to
October, 2013. This accounts for the different numbers of quadrats sampled at the sites. These values were found by
taking the total number of pitchers sampled and dividing by the number of quadrats sampled at that site.
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Appendix IV
Table 1. Summary of habitat characteristics, burn status, and coordinates of the
origin for each site in the Croatan National Forest, North Carolina. This study
was conducted over two years from May, 2012 to October, 2013. Coordinates
will work in Google maps..
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Table 2. Burn status of each site from spring 2009 until fall 2014 in the Croatan National Forest, North Carolina. This
covers historical burn data as well as the full length of the study. Dark red shaded areas indicate times that burns
occurred in the site, burnt orange shaded areas indicate that burns occurred near the site. Dark outlined areas indicate
times that sampling occurred. If an area is shaded and outlined, the sampling occurred within a six weeks of the burn
occurring.
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Table 3. Soil saturation index for all sites in the Croatan National Forest, North Carolina from May, 2012 to October,
2013. This table shows how wet the sites were during sampling times. A 0 indicates the site was completely dry; 1 that
the soil was moist, no standing water. A 2 indicates there was some standing water but it was not connected, i.e.,
“puddles” of water. A 3 is indicative of connected standing water up to 7 cm deep. A value of 4 indicates standing water 7
to 24 cm deep; 5 indicates connected water 24 to 44 cm deep, and a 6 being standing connected water higher than 44 cm
deep. (Note the highest observed height of the water was 60 cm.)
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Table 4. Median herbivory per clump and changes in median trumpet height
from 2012—2013 in the Croatan National Forest, North Carolina and resulting
Spearman’s correlation.
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